Objectives: To observe the long-term effects of hydroxychloroquine sulfate on retinal electrical activity by multifocal electroretinography (mf ERG) and to evaluate the regional variation of retinal dysfunction in subjects with hydroxychloroquine retinopathy.
Methods:
Multifocal ERG with 103-hexagon stimulation was performed on 19 patients (36 eyes) treated with hydroxychloroquine for systemic lupus erythematosus, rheumatoid arthritis, or localized atypical scleroderma. Visual acuity testing, Amsler grid testing, and Ishihara color vision testing were also performed. In 2 of the patients, hydroxychloroquine was discontinued due to concerns about toxicity. Both of these patients had additional mf ERG performed after discontinuation of medication.
Results: Twelve patients (19 eyes) had a normal response density in one or both eyes, including 6 patients (12 eyes) with a low lifetime dose (Յ438 g) of hydroxychloroquine who had normal response densities in both eyes. Eleven patients (17 eyes) had abnormal response densities in one or both eyes, and 2 of these patients (4 eyes) had significant attenuation of response densities in almost the whole tested field; 4 patients had a normal mfERG result for one eye but had a slight decrease of response densities for the other eye. There were 4 patterns of abnormal mfERG amplitude change observed: (1) paracentral loss, (2) foveal loss, (3) peripheral loss, and (4) generalized loss. Implicit times were abnormal for pericentral responses in 3 patients. The results of color vision and Amsler grid testing were normal, except for one patient with a generalized loss pattern. In 2 subjects in whom hydroxychloroquine toxicity was suspected, response densities improved after termination of hydroxychloroquine.
Conclusions:
Long-term hydroxychloroquine use may be associated with mfERG abnormalities. The mfERG appears to detect retinal physiological change earlier than visual acuity testing, color vision testing, or Amsler grid testing can. The greatest value of the mfERG is in differentiating a retinal cause and, hence, providing important evidence for hydroxychloroquine toxicity, for whatever visual field loss is apparent on perimetry.
Arch Ophthalmol. 2004; 122:973-981 A LTHOUGH CHLOROQUINE and hydroxychloroquine sulfate are 2 of several antiprotozoal drugs that have been used for many years in the treatment of malaria, their preferred usage in the United States is for treatment of various rheumatic diseases, particularly systemic lupus erythematosus and rheumatoid arthritis. However, long-term hydroxychloroquine and chloroquine use can cause severe visual loss due to a toxic effect on the outer retina and the retinal pigment epithelium. Chloroquine retinopathy was first reported by Hobbs et al 1 in 1959 , and hydroxychloroquine retinopathy was first reported by Shearer and Dubois 2 in 1967. Ophthalmoscopy, slitlamp examination, some psychophysical methods (Amsler grid, perimetry, color vision testing, and visual field testing), and electrophysiology (full-field electroretinography [ERG]) have been used for the early detection of these diseases. 3, 4 Because it is a sum response of the whole retina, full-field ERG cannot sensitively detect the local variation of the retinal function in subjects with early hydroxychloroquine retinopathy. 5 Focal ERG is more sensitive than full-field ERG for the detection of hydroxychloroquine toxicity in the retina 5 ; however, focal ERG cannot test the function in multiple areas of the retina or provide topographical information. Kellner et al 6 observed characteristic abnormalities in the multifocal ERG (mfERG) response in 2 patients with different degrees of chloroquine retinopathy and found the mfERG to be more sensitive than Goldmann perimetry, visual acuity testing, and the full-field ERG in detecting early chloroquine retinopathy. One of us (R.K.M.) previously reported a case 7 of hydroxychloroquine retinopathy, where the response densities of the mfERG were attenuated, while the full-field ERG was normal. The patient had a normal full-field ERG result. We postulated that the mfERG could be an objective and sensitive method for the early detection of hydroxychloroquine retinopathy. In this study, we retrospectively evaluated the mfERG results of asymptomatic and symptomatic patients who took hydroxychloroquine and identified 4 patterns of topographic changes in response density. The paracentral loss of amplitude with prolonged implicit times was the most specific for hydroxychloroquine toxicity.
METHODS
Multifocal ERG was performed on 19 patients (36 eyes; both eyes were tested in 17 patients and only one eye was tested in 2 patients) treated for systemic lupus erythematosus, rheumatoid arthritis, or localized atypical scleroderma with hydroxychloroquine sulfate (Plaquenil; Sterling Winthrop, Inc, New York, NY). Visual acuity testing and, in some patients, color vision testing, Amsler grid testing, Humphrey static perimetry (30-2), and fluorescein angiography were performed. Eyes with concomitant diseases (eg, age-related macular degeneration and histoplasmosis scars) were not included in the analysis. The response densities of the first-order kernel of mf ERGs were analyzed ring by ring at each eccentricity from fixation and compared with those of our control values for response density and implicit time. Control values were obtained from 20 healthy age-matched subjects (20 eyes; mean±SD age, 50.8±14.5 years; compared with the ages of hydroxychloroquine users with a group t test, PϾ.05) with a normal ophthalmoscopic appearance of the fundi and normal visual acuities (20/20 or better).
For the mfERG, the test was performed monocularly as the subjects viewed the monitor screen through a video camera system that allowed monitoring of the eye position. The stimulus was presented on a 48-cm high-intensity monochromatic monitor, consisted of 103 hexagon elements, and covered the central field 44°h
orizontally. The fixation target was a small cross in the center hexagon. The optics of the video camera corrected the refractive error of each eye for the test distance. The hexagons were modulated between a light (400 candelas [cd]/m 2 ) and a dark (1 cd/m 2 ) state according to a binary pseudorandom m-sequence. The refresh rate was 75 Hz. The pupils were dilated, and the corneas were topically anesthetized before contact lens placement. The mfERG results were recorded with bipolar contact lens electrodes (Burian-Allen model; Hansen Instruments Inc, Iowa City, Iowa). The amplifier gain was 100000, and the bandpass was 10 to 300 Hz. The total recording time was 7 minutes 17 seconds, divided into 16 segments.
The 103 traces were grouped from center to periphery into 6 rings (ring 1, foveal patch, 1 arc degree in diameter; ring 2, 1-6 arc degrees in diameter; ring 3, 6-12 arc degrees in diameter; ring 4, 12-21 arc degrees in diameter; ring 5, 21-31 arc degrees in diameter; and ring 6, 31-44 arc degrees in diameter). In each group, the averaged first-order kernel was analyzed. The N1-P1 (N1 indicates first negative wave; P1, first positive wave) response densities (amplitude/area, measured in nanovolts per degree squared) were measured from the N1 trough to the P1 peak. The normal ranges for these response densities and implicit times were defined by calculation of mean±95% confidence intervals of 20 age-matched control eyes. Table 1 provides the clinical findings in all 19 patients, ordered according to total cumulative dose (in grams). Table 1 describes the ages of the patients, the daily dose adjusted for weight, the duration of medication use, the fundus findings, and the results of color vision testing, Amsler grid tests, and fluorescein angiography. The mean±SD age of the patients analyzed was 54.4±14.9 years. The daily dose ranged from 200 to 400 mg/d, and the duration of treatment ranged from 1 to 20 years. The daily dose adjusted for body weight ranged from 2.0 to 9.0 mg/kg per day. The cumulative dose ranged from 110 to 2920 g. Table 2 contains the visual acuities and results of Humphrey static perimetry, where available. The corrected visual acuities ranged from 20/20 to 20/50. Also in the table are Humphrey visual fields for 15 subjects (30 eyes), and a description of the response densities.
RESULTS
In the 15 eyes in which 500 g or less hydroxychloroquine was used and for which mfERG and Humphrey visual field data are available, 6 had normal mfERG findings and normal automated perimetry findings, 8 had normal mf ERG findings and abnormal automated perimetry findings, and 1 had abnormal mfERG findings and normal automated perimetry findings. In the 14 eyes in which more than 500 g of hydroxychloroquine was used and for which mfERG and Humphrey visual field data are available, 2 had normal mfERG findings and normal automated perimetry findings, 3 had normal mfERG findings and abnormal automated perimetry findings, 3 had abnormal mf ERG findings and normal automated perimetry findings, and 6 had abnormal mfERG findings and abnormal automated perimetry findings. Table 3 provides the control values of N1-P1 response density and P1 implicit time from the 20 control subjects. Table 4 shows the results of the mfERGs of the 19 patients (36 eyes). Twelve patients (19 eyes) had a normal response density in one or both eyes (cumulative dose, 110-2336 g; maximum, 16 years of use). Eleven patients (17 eyes) had abnormal response densities (cumulative dose, 438-2920 g; hydroxychloroquine administration from the age of 3-20 years) in one or both eyes; 2 of these patients (4 eyes) had significant attenuation of response densities in almost the whole tested field (cumulative dose, 1533-2482 g; 11-17 years of hydroxychloroquine use); and 4 of these patients had normal mfERG results in one eye but had a slight decrease of response densities in another eye (cumulative dose, 438-2336 g; 6-16 years of hydroxychloroquine use). We identified 4 types of abnormal mfERG results (Figures 1, 2, 3 , and 4). (1) Some results showed a decrease in N1-P1 response density in the paracentral area and/or prolongations of corresponding P1 implicit times (2 patients [4 eyes]). In patient 13, the response densities and the implicit times showed paracentral change (cumulative dose, 1095 g; 7.5 years of hydroxychloroquine use) ( Figure 1 ). In patient 18, the response densities showed generalized loss but the P1 latencies were prolonged for paracentral responses (cumulative dosage, 2482 g; 17 years of hydroxychloroquine use) ( In 2 of the patients (patients 9 and 13) who underwent a longitudinal mf ERG study, the response densities demonstrated a trend toward improvement after the cessation of hydroxychloroquine use. Figure 6 shows the change of their averaged response density in rings 1 and 2 relative to the period of termination of hydroxychloroquine use. Significant prolongations of implicit times occurred for patient 13, particularly for those responses that correspond to rings 2, 3, and 4. At this time, early hydroxychloroquine retinopathy was clinically recognized on this patient ( Figures 1C and 5 and Table 5 ). The patient stopped drug treatment and follow-up mfERGs continued to demonstrate prolonged implicit times. The visual acuities for these 2 patients improved mildly in the same period. An additional patient (patient 18) with a generalized loss pattern stopped using hydroxychloroquine due to mf ERG findings and central visual field loss. Follow-up mf ERG test results were not available for this patient.
COMMENT
Although hydroxychloroquine originally was thought to be a safer drug than chloroquine, retinal toxicity from hydroxychloroquine can occur. The long-term safety of hydroxychloroquine and most effective means of screening for retinal toxicity are still subject to debate. In the study by Johnson and Vine, 8 patients receiving dosages up to 400 mg/d (Յ6.5 mg/kg per day) seemed to tolerate massive cumulative doses (1054-3923 g) of hydroxychloroquine without developing abnormalities in their visual acuity, Amsler grid result, color vision testing, and visual field testing. Toxicity has been shown when a cumulative dose of more than 800 g of the drug is ingested. 9 Also, a toxic reaction has been reported for those undergoing long-term therapy (10 years, for a total cumulative dose of 1460 g) in whom the adjusted daily dose was never greater than 6.3 mg/kg per day. 10 This suggests that other factors, possibly genetic and acquired, may influence which patients develop retinal toxicity. For example, Shroyer et al 11 have suggested that the carrier state for mutation of the gene ABCA4 (the gene that is defective in Stargardt disease) may increase susceptibility to hydroxychloroquine and chloroquine retinal toxicity. Furthermore, because hydroxychloroquine is cleared through renal and hepatic functions, those with severe kidney or liver disease may be at greater risk of toxicity.
Most of our patients (10 of 11) who had abnormal mfERG results had taken hydroxychloroquine for at least 5 years. This implies that, in the first 5 years of hydroxychloroquine use, the incidence of retinopathy caused by toxicity of the drug is low or nonexistent. This finding supports the recommendation from the American Academy of Ophthalmology 12 that, for individuals using less than 6.5 mg/kg of hydroxychloroquine per day, screening can be modified for the first 5 years to account for the minimal risk of a toxic reaction at this dose. Three of the patients with abnormal mfERG results (patients 13, 18, and 19) were ingesting higher dosages (8.0, 8.0, and 9.0 mg/kg per day, respectively) than recommended at the time of our study. Both subjects with paracentral loss were taking a higher daily dose by weight, as were the 2 subjects with the highest cumulative doses. However, overall, the incidence of retinal dysfunction did not correlate significantly with the daily dose adjusted for weight. Although the daily dose adjusted for weight may be an important risk factor for toxicity, we found foveal loss or generalized loss of response density for 8 patients taking less than 6.5 mg/kg per day. Hydroxychloroquine is not retained in fatty tissues. 12 The daily dose adjusted for weight is, thus, relatively lower for obese patients, and this index will not reflect the real dose in lean weight. Thus, we conclude that the duration of hydroxychloroquine use and the total cumulative dose are still important risk factors for hydroxychloroquine retinopathy.
All of the patients in this study had visual acuities between 20/20 and 20/50 and normal color vision results, as tested. We believe that color vision testing and fluorescein angiography show findings indicative of toxic changes typically late in the course of the disease. Thus, color vision testing, although useful in defining visual function in cases of suspected drug toxicity, may not have a significant benefit as a screening tool for early disease. One subject had a change on fluorescein angiography. Amsler grid testing has been suggested to show change earlier in the disease process and has been suggested for home screening. 12 However, only one subject in our series had an Amsler grid change.
Humphrey visual field testing was somewhat useful as a method for evaluating early drug toxicity. Our study, in most cases, did not incorporate retesting of visual fields or mfERG to evaluate the reproducibility of abnormal findings. However, many cases of abnormal visual fields can be noted for patients in whom no hydroxychloroquine toxicity is expected. In some cases, repeat testing of visual fields (data not shown) gave results that were still abnormal but difficult to interpret. In the lower-dose hydroxychloroquine users in whom retinal toxicity was not expected, we found many instances in which perimetry showed scattered defects. In these instances when the Humphrey visual field was abnormal and the mfERG was normal, we were confidently able to reassure patients that the retina was still functioning well and that they could continue hydroxychloroquine therapy despite the abnormal visual field.
In the higher-dose group of patients, we found 3 eyes in which perimetry found abnormalities while the results of mfERG testing were normal. In 2 of these eyes (patient 14), the perimetry results showed scattered abnormalities with no other clinical findings of hydroxychloroquine toxicity. We believed that the patient displayed no signs of hydroxychloroquine toxicity. In the third eye (the right eye of patient 17), it is possible that the mfERG did not detect early hydroxychloroquine changes that were apparent on perimetry (the findings on both tests showed abnormalities in the fellow eye). Thus, while it is possible for perimetry to demonstrate changes associated with hydroxychloroquine use earlier than mfERG, in most cases, mfERG supplemented and confirmed abnormalities found on visual field testing. In addition, in the patient for whom we were concerned about toxicity (patient 19), mfERG showed abnormalities that were not detected on visual field testing. The greatest value of the mfERG is in differentiating a retinal cause and, hence, providing important evidence supportive of hydroxychloroquine toxicity, whenever visual field loss is apparent on perimetry.
We believe that mfERG testing can detect change in retinal function far sooner than any other electrophysiological modality in use. However, the clinician is required to interpret these changes and to determine whether the mfERG abnormalities are significant enough to warrant discontinuation of hydroxychloroquine therapy. In this retrospective study, 3 patients (patients 9, 13, and 18) stopped using the medication for various reasons. Abnormalities were seen in the mfERG for each of these patients. Two of these patients (whose medication duration ranged from 6-17 years) returned for subsequent mfERGs, which, for both, showed an improvement in response density. Serial repeat studies in these 2 hydroxychloroquine users who stopped using the drug showed a trend toward electrophysiological recovery of mfERG response ( Figure  6 ). This suggests that in early cases, the loss of retinal response densities associated with hydroxychloroquine use may be reversible. We did not observe significant reduction in the prolonged implicit times in the subjects. Implicit time recovery, however, if it is to occur at all for hydroxychloroquine toxicity, may not take place within the same time frame as recovery of response density, and the observation period in our patients may have been too short.
Other retinal degenerations often show lack of correlation of latency prolongations and changes in amplitudes. 13 We were not able to determine whether a particular pattern of mfERG abnormality preceded another pattern, except that foveal loss may be an early feature and generalized decrease in response density is the final pattern. Paracentral loss of amplitude (rings 2-4), particularly with prolonged implicit times, however, is the most specific pattern for hydroxychloroquine toxicity. We have not encountered this latter specific pattern in more than 800 mfERGs that we have obtained (for various diseases) in the past few years. Seeliger et al 14 reported that the latencies for P1 show low topographical variability in control subjects. Thus, prolongations in latencies for the pericentral responses seem to be a particularly diagnostic feature of focal retinal dysfunction. The fact that the most characteristic loss on mfERG is located in the paracentral rings would suggest that, for screening for hydroxychloroquine toxicity, the Humphrey visual field 10-2 test may be a better program than the 30-2 test. The abnormalities in retinal electrophysiology, as detected by the mfERG, occurred earlier than any morphologic fundus change using ophthalmoscopy. We believe that the mfERG may be the most sensitive objective test for the early detection of hydroxychloroquine retinopathy. Patients who take hydroxychloroquine in higher than the recommended dose (Ͼ6.5 mg/kg per day) or for a long duration (Ͼ5 years) should be considered for periodic mfERG testing for the early detection of hydroxychloroquine retinopathy.
In summary, the evidence supports periodic testing with mf ERG, when possible and available, in patients undergoing long-term hydroxychloroquine therapy, particularly if there is any clinical suggestion of drug toxicity. An mfERG is also an excellent choice for confirming the absence of retinal toxicity when perimetry or other tests detect abnormalities. Further study is necessary to evaluate the sensitivity of the mf ERG in early detection of hydroxychloroquine retinopathy and to determine the role of mfERG in screening. 
